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Rapid increases in infant adiposity and overweight/ 
obesity in childhood are associated with higher central 
and brachial blood pressure in early adulthood 

Laura D. Howe a b , Nishi Chaturvedi c , Debbie A. Lawlor a b , Diana LS. Ferreira b , Abigail Fraser ab , 
George Davey Smith a b , Kate Tilling a b , and Alun D. Hughes c 



Background: Small size at birth and greater BMI in 
childhood are associated with greater brachial blood 
pressure (BP) in later life. Aortic (central) BP differs from 
brachial BP and is more predictive of organ damage and 
cardiovascular events; the relationship between BMI in 
childhood and central BP is not known. 

Methods: Using data from 3154 people from the Avon 
Longitudinal Study of Parents and Children, we assessed 
associations between repeated measures of BMI from birth 
to age 10 with central and brachial BP at age 17. 

Results: Lower BMI at birth (thinness) was associated with 
greater central and brachial BP. No associations were seen 
between BMI in early childhood (<7 years) and later BP, 
but greater BMI from 7 to 10 years was associated with 
higher BP. Associations were similar for central and 
brachial SBP and for DBP, and were stronger in males 
compared with females. The highest BP was seen in 
participants who were low-birth-weight and overweight or 
obese at both the end of infancy (age 2) and at the time 
of BP assessment (age 17); mean central SBP was 
104.2 mmHg (SD = 1 1 .0) compared with 100.7 (SD=10.5) 
in participants who were normal-birth-weight and 
overweight or obese at 2 and 17 years. 

Conclusion: Small size at birth followed by rapid adiposity 
gain in infancy and continued overweight/obesity are 
associated with greater BP in young adulthood. These 
findings emphasize the importance of maintenance of 
normal weight in childhood for the prevention of high BP. 

Keywords: ALSPAC, blood pressure, cause, epidemiology, 
life course, obesity, pediatrics 

Abbreviations: ALSPAC, Avon Longitudinal Study of 
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INTRODUCTION 

The prevalence of obesity in children and adolescents 
has risen dramatically in the recent decades [1,2], 
and childhood obesity is now recognized as a major 
public health challenge. Overweight and obesity in child- 
hood increase the likelihood of overweight and obesity in 
adulthood [3]. Birth weight and the pattern of subsequent 



adiposity gain in early life may both be important for later 
cardiovascular health; there is extensive evidence that low 
birth weight is associated with higher BP in later life, and it 
has been suggested that the combination of small size at 
birth and high BMI in later life is particularly detrimental for 
cardiovascular health [4-7]. Greater weight or adiposity in 
childhood is associated with greater brachial blood pres- 
sure (BP) in childhood [8,9] and much of the recent rise in 
BP in children and adolescents has been attributed to 
increasing rates of overweight and obesity [10]. This trend 
can be predicted to result in a higher risk of hypertension 
[11] and coronary heart disease [12] in later life, and existing 
data show that higher BMI is associated with elevated 
mortality, including death from cardiovascular disease, in 
adolescents [13,14]. 

Existing studies investigating the influence of childhood 
growth or adiposity on later BP have almost exclusively 
used brachial measures of BP. Brachial BP predicts cardi- 
ovascular events [15]; however, brachial BP exceeds aortic 
(central) SBP by a variable extent [16]. The magnitude of the 
difference in adults is highly variable [17], but typically, 
differences between brachial and central pressure tend to 
be even greater in younger, fit people [18-20]. Noninvasive 
estimates of central BP are more closely correlated with 
target organ damage [21] and may be better predictors of 
future cardiovascular events than brachial BP [22]. The 
association of BMI throughout childhood with central BP 
has not been studied. We therefore assessed the relation- 
ship between BMI across infancy and childhood with 
central BP measured at age 17 years, using data from the 
Avon Longitudinal Study of Parents and Children (ALSPAC). 
We also tested the hypothesis that low birth weight 
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followed by rapid weight gain in childhood is associated 
with higher BP. 

METHODS 

Avon Longitudinal Study of Parents and 
Children 

Avon Longitudinal Study of Parents and Children is a 
population-based birth cohort that recruited pregnant 
women residing in the former county of Avon, South 
West England, with an expected delivery date between 
1st April 1991 and 31st December 1992 [23,24]. In this study, 
14541 women were enrolled, with 14062 children born. 
Full details of the cohort, including a fully searchable data 
dictionary, are available on the study website: http://www. 
bris.ac.uk/alspac/researchers/data-access/data-dictionary/. 
Ethical approval was obtained from the ALSPAC Law and 
Ethics committee and local ethics committees. 

Blood pressure measurements 

Blood pressure was measured at clinic when participants 
were approximately 17 years old (mean age 17.8 years). 
Brachial BP was measured using an automated device 
validated in children and adolescents (705IT; Omron, 
Kyoto, Japan) [251. Arm girth was measured and appropri- 
ate cuff sizes used according to the manufacturer's instruc- 
tions. Central SBP was measured by radial artery 
applanation tonometry (Sphygmocor; Atcor, West Ryde, 
Australia) calibrated using brachial BP. "While augmentation 
index was measured, it was not analysed since the majority 
of participants had negative augmentation indices and 
under these circumstances it cannot be used as a valid 
measure of reflection [26]. 

Childhood growth data 

Length (before age 2 years), height (after age 2 years) and 
weight data for the participants were obtained from several 
sources. Birth length (crown-heel) was measured by the 
ALSPAC staff who visited newborns soon after birth 
(median 1 day, range 1-14 days), using a Harpenden 
Neonatometer (Holtain Ltd., Crymych, Pembs, UK) Birth 
weight was extracted from the medical records. From 
birth to 5 years, length and weight measurements were 
extracted from health visitor records, which form part of the 
standard child care in the UK. In this cohort, up to four 
measurements were taken, on average at 6 weeks, 10, 21, 
and 48 months of age; previous work has shown these 
measurements to have good accuracy [27]. For a random 
10% of the cohort, length/height and weight measurements 
were made at research clinics held between the ages of 4 
months and 5 years. From age 7 years upwards, all children 
were invited to annual clinics. Details of measuring equip- 
ment used in the clinics are in the supplementary material. 
Across all ages, parent-reported child heights and weights 
were also available from questionnaires. BMI was calcu- 
lated as weight (kg) divided by height squared (m 2 ). All 
available growth measurements were used to model 
growth trajectories, using multilevel models as described 
previously [28,29]. 

Multilevel models are an appropriate tool for the analysis 
of longitudinal data, since they account for repeated 



measurements within people, and can estimate a full tra- 
jectory for each person with one or more measurement 
under a missing at random assumption [28,30,31]. Such 
models estimate the average pattern of growth, as well 
as each person's trajectory. They also take account of 
the change in scale and variance of BMI over time and 
the differential measurement error in clinic and parent- 
reported measurements of height and weight. Full details 
of the methodology used to develop the growth trajectories 
are available elsewhere [28,291. Briefly, participant trajec- 
tories of height and weight between birth and 10 years were 
estimated using multilevel linear spline models (two levels: 
measurement occasion and individual), fitted using the 
runmlwin command [32] in Stata version 12 [33], which 
calls the MLwiN program [34]. Previous work has demon- 
strated that models estimating different linear growth rates 
between 0 and 3 months, 3 months and 1 year, 1 and 
3 years, 3 and 7 years, and 7 and 10 years fit the observed 
data well in this and other cohorts [28], and provide inter- 
pretable summaries of the pattern of growth across child- 
hood. Interaction terms model the differences in birth size 
and growth rates between males and females. Person-level 
random effects describe how each child's birth size and rate 
of growth in each linear spline period differs from the 
average. Trajectories were not modelled beyond the age 
of 10 years since puberty would necessitate individual 
spline points due to variation in age at onset of puberty, 
and in order to give an appropriate time separation 
between our exposure (childhood BMI) and our outcome 
(BP at age 17), as is appropriate in a prospective study. We 
use the height and weight trajectories to predict partici- 
pants' heights and weights at the end of each linear spline 
period, that is, birth, 3 months, 1, 3, 7 and 10 years, and 
calculate BMI for each of these ages. These predicted BMI 
measurements were converted to z-scores by subtracting 
the mean and dividing by the SD, separately by sex. 

Other variables 

We considered maternal age (extracted from obstetric 
records), education, pre-pregnancy BMI and parity (all 
self-reported in an antenatal questionnaire) as the key 
potential confounders. Maternal education was categorized 
into four levels: below the level equivalent to today's UK 
General Certificate of Secondary Education (GCSE), to 
GCSE, above GCSE, but below the university degree or 
university degree or above. 

Statistical analysis 

A total of 5081 participants attended the research clinic at 
17 years. Of these, brachial and central BP were measured 
for 3974 participants, because the equipment was not 
available at the start of the clinic. We restricted our analyses 
to participants with data on at least one measure of BMI in 
childhood, and all potential confounders, giving a final 
sample size of 3154. 

We used linear regression to assess the association 
between each predicted BMI z-score (birth, 3 months, 1, 
3, 7 and 10 years) and each measure of BP (brachial and 
central systolic and brachial diastolic). Analyses were 
initially adjusted for sex and age at BP assessment. We 
subsequently adjusted for all potential confounders, 
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including earlier BMI measurements (e.g. BMI at 1 year was 
adjusted for BMI at birth and 3 months, but not for later 
measures). Finally, we further adjusted analyses for BMI 
at the time of BP assessment in order to assess whether 
any associations between early childhood BMI and later 
BP were mediated by contemporary BMI. We assessed 
whether there was any evidence of sex interactions in 
these associations. 

As a sensitivity analysis to confirm the validity of using 
the multilevel models to predict BMI, we repeated our main 
analysis using observed BMI measurements instead of those 
predicted from the multilevel models of weight and height. 

Given the postulated influences of low birth weight and 
rapid BMI gains in infancy on later BP, we wished to test 
various hypotheses about the ways in which body size 
across infancy and childhood could influence later BP, 
using the methodology proposed by Mishra et al. [351. 
We defined three key ages as birth, age 2 (the end of 
infancy, i.e. the time during which rapid BMI gains are 
thought to be particularly harmful) and age 17 (the same 
time as BP was measured). For each age, a binary indicator 
of body size was created: low (bottom third) or normal (top 
two-thirds) birth weight, normal BMI or overweight/obese 
at 2 years and normal BMI or overweight/obese at 17 years. 
BMI at 2 years was predicted from the multilevel models as 
detailed above, and BMI at 17 years was measured in the 
research clinic. Overweight/obesity at 2 and 17 years was 
defined according to age and sex-specific thresholds [36]. 
Using these binary measures of body size at birth, 2 and 17 
years, participants were separated into eight groups (each 
potential combination of low/normal birth weight, over- 
weight/normal BMI at 2 years, overweight/normal BMI at 
17 years). We used these eight groups to test the following 
hypotheses regarding size at birth, 2 and 17 years: 

1. Accumulation, equal effects: low birth weight, over- 
weight/obesity at age 2 and overweight/obesity at 
age 17 all have the same magnitude of association 
with BP at age 17. 

2. Accumulation, differing effects: low birth weight, 
overweight/obesity at age 2 and overweight/obesity 
at age 17 each influence BP at 17 with differing 
magnitudes. 

3. Critical period at age 17: overweight/obesity at 
17 years is the only body size measure associated 
with BP at 17. 

4. Mobility between birth and 2 years: overweight/ 
obesity at age 17 is associated with BP at age 17, 
and there is an additive effect of moving from low 
birth weight to overweight/obese at age 2. In this 
model, low birth weight and overweight/obese at age 
2 only contribute if the participant experiences both. 

5. Mobility between birth and 17 years: overweight/ 
obesity at age 17 is associated with BP at age 17, 
and there is an additive effect of moving from low 
birth weight to overweight/obese at age 17. In this 
model, low birth weight only contributes if the 
participant is overweight/obese at age 17; over- 
weight/obese at age 2 does not contribute. 

6. Persistent risk: overweight/obesity at age 17 is associ- 
ated with BP at age 17, and there is an additive effect 



of moving from low birth weight to overweight/ 
obese at both ages 2 and 17. In this model, low birth 
weight and overweight/obese at age 2 only contrib- 
ute if both are experienced in addition to overweight/ 
obese at age 17. 

In order to evaluate these alternative hypotheses, we fit a 
series of nested linear-regression models and used like- 
lihood ratio tests to compare each model with a fully 
saturated model (including body size at all ages and all 
possible interaction terms); large P values from these tests 
indicate that the simpler, nested model adequately 
describes the data, that is, a large P value supports the 
hypothesis. Additionally, we present the rout mean stand- 
ard error (RMSE) for each model; this is a test of model fit 
with lower values indicating better fit. We also used each 
model to predict the mean BMI and BP in each group, and 
compared these with the observed values to provide evi- 
dence of which model was the closest match to the data. 
Due to the small number of participants in some groups, sex 
differences in these associations were not assessed. 

RESULTS 

Participants who attended the 17-year clinic tended to have 
higher birth weight, lower BMI from age 1 year onwards, 
and mothers with higher educational status, older age, 
lower BMI and lower parity than ALSPAC participants 
who did not attend this clinic (Supplementary Table 1, 
http://links.lww.com/HJH/A364). Amongst participants 
who attended the 17-year clinic, those excluded from 
our analyses due to missing data on childhood growth or 
confounders tended to have higher BMI than participants 
included in our analyses, but no differences were observed 
in terms of BP (Supplementary Table 2). The growth 
trajectory models fit the observed data well (Supplementary 
Table 3), and almost all (99%) participants had at least four 
weight and height measurements. 

Mean central SBP was lower than mean brachial SBP and 
this difference was greater in males (Table 1). For all 
measures of BP (central and brachial SBP and DBP), greater 
BMI at birth was associated with lower BP (Table 2). There 
was little convincing evidence of an association between 
BMI at birth and prior to age 7 and BP at age 17, but there 
was a clear positive association between BMI at age 7 and 
10 years and central and brachial BP at age 17 years. 

The magnitude of associations between childhood BMI 
and central or brachial SBP was broadly similar with associ- 
ations being slightly stronger for brachial SBP at all ages, but 
with overlapping confidence intervals (CIs) providing no 
statistical evidence of differences. Associations tended to be 
weaker with DBP. Whereas growth trajectories were similar 
by sex (Supplementary Table 1), from age 7 years onwards, 
associations between BMI and BP were markedly stronger 
in males than females; for example, a 1 SD (z-score) 
increase in BMI at age 10 was associated with 4.2mmHg 
(95% CI 3-1-5.3) higher central SBP in males compared 
with 2.5mmHg in females (95% CI 1.4-3.5) CP for gender 
interaction = 0.03; Table 2). 

Associations between BMI across childhood and BP at 
age 17 were broadly similar in analyses adjusted only for 
age at BP assessment and in analyses further adjusted for 
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TABLE 1. Characteristics of participants included 


in our analyses 










Overall («=3154) 


Males (n = 1421) 


Females (n = 1733) 


Maternal education 










Less than O-level 


566 (18.0%) 


239 (16.8%) 


327 (18.9%) 




O-level 


1080 (34.2%) 


466 (32.8%) 


614 (35.4%) 




A-level 


903 (28.6%) 


429 (30.2%) 


474 (27.4%) 




Degree or above 


605 (19.2%) 


287 (20.2%) 


318 (18.4%) 




Maternal pre-pregnancy BMI (kg/m 2 ) 


22.83 (3.69) 


22.88 (3.66) 


22.78 (3.71) 




Maternal age (years) 


29.42 (4.59) 


29.58 (4.62) 


29.29 (4.55) 




Maternal parity 


0.74 (0.87) 


0.73 (0.87) 


0.75 (0.87) 




Birth weight (kg) 


3.42 (0.53) 


3.49 (0.57) 


3.37 (0.48) 




BMI at birth (kg/m 2 ) a 


13.12 (1.46) 


13.11 (1.58) 


13.12 (1.36) 




BMI at 3 months (kg/m 2 ) a 


16.29 (1.47) 


16.65 (1.55) 


15.99 (1.33) 




BMI at 1 year (kg/m 2 ) a 


17.61 (1.40) 


17.81 (1.38) 


17.44 (1.39) 






BMI at 7 years (kg/m 2 ) a 


15.63 (1.52) 


15.57 (1.41) 


15.68 (1.61) 










17.82 (2.68) 




BMI at 17 year clinic (kg/m 2 ) 


22.67 (3.96) 


22.38 (3.62) 


22.91 (4.21) 




Age at 1 7 year clinic (years) 


17.76 (0.36) 


17.75 (0.36) 


17.76 (0.37) 




Central SBP at 17-year clinic (mmHg) 


96.95 (9.34) 


100.29 (8.82) 


94.22 (8.85) 




Brachial SBP at 17-year clinic (mmHg) 


116.76 (11.63) 


122.51 (10.89) 


112.05 (9.99) 




Amplification of brachial SBP at 17-year clinic (mmHg) b 


19.8 (4.7) 


22.2 (4.5) 


17.8 (4.0) 




DBP at 17-year clinic (mmHg) 


64.58 (7.51) 


64.33 (7.46) 


64.78 (7.54) 







Values are mean (SD) or number (percentage). 
Predicted from multilevel models of height and weight. 
b Brachial-central SBP. 



potential confounders, including earlier BMI measures 
(Table 2 and Supplementary Table 4). After adjustment 
for BMI at age 17, associations between childhood BMI 
and BP were attenuated, suggesting that mediation by 
continued adiposity is an important pathway in associations 
between childhood BMI and later BP (Supplementary 
Table 4). A similar overall pattern of association was also 
seen when using observed measures of BMI instead of 
those predicted from the multilevel model (Supplementary 
Table 5). 

When separating participants into eight mutually exclu- 
sive groups defined by being in the bottom versus middle or 
top-thirds of birth weight, and being overweight or obese 
versus normal or low BMI at ages 2 and 17 years, the groups 
with the highest observed BMI at age 17 were those who 
went from the middle or top-third of birth weight to being 
overweight or obese at both 2 and 17 years [group N-O-O in 
Table 3, N= 125, mean (SD) BMI 293 (4.4) kg/m 2 ]. The 
mean (SD) central SBP in this group was 100.7 (10.5) 
mmHg. Despite having a slightly lower mean BMI at age 
17 [28.3 (3-5) kg/m 2 ], participants who moved from the 
lowest third of birth weights to being overweight or obese 
at both 2 and 17 years had a higher central SBP (group L-O- 
O in Table 3, N=32, mean = 104.2 mmHg, SD=11.0). 
Testing the various hypothesized ways in which the com- 
bination between size at birth and overweight/obesity at 2 
and 17 years could influence BP, the data were most 
compatible (largest P value and closest agreement between 
observed and predicted central SBP) with the 'persistent 
risk' model; this model specifies that BMI at age 17 influ- 
ences BP and that there is an additional effect on BP from 
being in the lowest third of birth weight and being over- 
weight/obese at both 2 and 17 years. The RMSE, however, 
did not reveal substantial differences in model fit across the 
various models. Similar results were observed for brachial 
SBP and DBP; for these BP measures, larger P values 



supported other hypothesized models, but the closest 
match between observed and predicted BP measurements 
was for the 'persistent risk' model (Supplementary Tables 6 
and 7). 

DISCUSSION 

We show that BMI at birth and BMI later in childhood have 
distinctive associations with central BP in young adulthood. 
Low BMI at birth was associated with higher central (and 
brachial) BP, whereas higher BMI from age 7 onwards was 
associated with higher BP; this latter relationship was 
stronger in males than in females. This finding mirrors a 
systematic review of studies examining BMI in childhood 
with coronary heart disease in adulthood, which found that 
the association did not emerge until age 7 [12]. Those who 
had low birth weight and then became obese or overweight 
at age 2 and maintained this status throughout childhood 
had the highest BP, despite having lower BMI at age 17 than 
other obese or overweight young adults. We did not 
observe differences in BP between participants who were 
in the lowest versus middle/top third of birth weights, 
normal BMI at age 2 and overweight/obese at age 17. This 
may suggest that any detrimental effect of low birth weight 
combined with later obesity is most marked in to those who 
experience rapid weight gain in infancy and become obese 
at an early age. 

Non-invasive estimates of central BP are more strongly 
associated with target organ damage [21] and there is some 
evidence that they are better predictors of future cardio- 
vascular events than brachial BP [22]. The association of 
BMI throughout childhood with central BP has not been 
studied. Despite differences between brachial and central 
BP, which may have important implications for the defi- 
nition of hypertension in children, our analyses demon- 
strate similar associations between BMI in childhood and 
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measures of brachial and central BP in early adulthood. 
Further research is now needed to determine whether 
brachial and SBP demonstrate differing associations with 
measures of cardiovascular structure and function in young 
adults. Our findings with regard to the relationship between 
birth weight and subsequent BMI in childhood and central 
and brachial BP are also consistent with previous studies 
that only measured brachial BP [37-40]. Similarly, previous 
longitudinal studies of the associations between change in 
BMI in childhood and brachial BP have also found that the 
highest levels of BP are observed in participants who move 
from low birth weight to being overweight/obese in child- 
hood [41,42]. One previous cross-sectional clinic-based 
study of 149 adolescents aged 10-17 [42] found that central 
SBP was highest in obese participants who had a history of 
low birth weight, which is also in keeping with our findings. 
Typically, brachial SBP is higher than central (aortic) SBP, 
although this difference tends to diminish with age [18]. The 
difference between brachial and central SBP in our study 
was substantial (mean of the difference = 19-8 mmHg) and 
the difference was greater in young men than women. 
These observations are very similar to a previous report 
that measured central BP in a cross-sectional sample that 
included a relatively small number of people below the age 
of 20 years [18]. 

The greater impact of childhood adiposity gain on BP in 
males compared with females is supported by the findings 
in adults [43,44]. One potential explanation for our finding 
is that equivalent adiposity gain, as measured by BMI, may 
mask sex differences in ectopic fat deposition, particularly 
visceral fat, which may in turn be a stronger determinant of 
BP than BMI [2] . However, previous longitudinal analysis in 
ALSPAC do not show that directly assessed fat mass 
measured at 9-12 years is more strongly associated with 
BP at age 15-16 than BMI, although this study examined 
whole-body fat mass, and not the regional fat patterning 
[45]. An alternative explanation is that female sex hormones 
buffer adverse effects of stressors, such as weight gain, on 
BP. Animal studies show that oestrogen acts on the central 
oestrogen receptor to protect against renin-angiotensin- 
aldosterone system over-activation, autonomic dysfunction 
and hypertension [46,47]. Given the lower rates of hyper- 
tension in premenopausal, but not in postmenopausal 
women compared to men, it is plausible that such a 
mechanism may also operate in humans. 

Key strengths of our study include the availability of 
brachial and central SBP and DBP on a large population- 
based birth cohort of 17-year-olds, in contrast to most 
previous studies that only have brachial BP measurements. 
We had sufficient numbers to observe sex differences in the 
impact of BMI change on BP. We were also able to examine 
the associations of BMI throughout childhood with BP in 
young adulthood, in contrast to most previous studies that 
have few measures of childhood BMI. Our statistical 
methods allowed us to exploit detailed data on childhood 
BMI to construct growth trajectories, which enable the 
prediction of BMI measures at the same ages for all chil- 
dren, regardless of when and how often they were 
measured. This methodology enables all available 
measures to be included in analyses and therefore reduces 
the problem of missing data, whilst also taking account of 
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the differential measurement error between measured and 
parent-reported growth measurements. The models had 
good fit to the observed data. The pattern of results using 
raw BMI measurements was similar to those using measure- 
ments predicted by our growth trajectory models, providing 
further reassurance that the use of our growth trajectories 
was appropriate. In our main analyses, we adjusted each 
BMI measure for all previous BMI measurements, but not 
future measures; for example, BMI at 1 year was adjusted 
for BMI at birth and 3 months, but not for BMI measures 
after 1 year. This approach is intended to remove the 
confounding by earlier BMI and shed light on the role of 
BMI at different ages. In unadjusted models, children with a 
higher BMI at age 7 are likely also to have had a higher BMI 
at earlier ages; therefore an unadjusted regression coeffi- 
cient for BMI at age 7 encompasses all BMI changes prior to 
age 7. In contrast, when adjusting for previous BMI 
measurements, the two hypothetical people being com- 
pared have the same BMI at birth, 3 months, and 1 and 3 
years, and only differ in their BMI change between 3 and 7 
years. We use BMI as a measure of adiposity; the appro- 
priateness of BMI in young children has been questioned, 
but at least from age 9 onwards, it shows similar associ- 
ations with cardiovascular risk factors to other adiposity 
measures [451. Despite our results being consistent with 
other studies [41,42], our conclusions with respect to the 
interplay of low birth weight and subsequent adiposity 
should be tempered by the fact that there were only 32 
participants in the group who had low birth weight and 
were overweight or obese at 2 and 17 years, meaning that 
statistical power for this comparison was low and we 
cannot exclude the possibility that this is a chance finding. 

Our results provide further evidence for the hypothesis 
that adiposity gain in childhood is detrimental for later BP. 
Importantly, we show this influence is evident for central 
BP, the pressure to which the heart is exposed and which 
shows a closer correlation with target organ damage and 
cardiovascular events in later life. We also show that this 
adverse effect of adiposity gain is worse for boys than girls. 
The magnitude of the associations we observe is large: the 
difference in central SBP observed between our lowest risk 
category (low birth weight, overweight at 2 years, not 
overweight at 17 years) and our highest risk category 
(low birth weight, overweight and obese at both 2 and 
17 years) is 10 mmHg. In adults, a 20 mmHg difference in 
SBP is associated with a doubling in cardiovascular disease 
risk [151. There is now evidence that overweight children 
who return to a healthy BMI in later life can, at least to some 
extent, normalize their cardiovascular risk [45,48], high- 
lighting the importance of interventions to prevent and 
reverse overweight and obesity in children and young 
people. 
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